Cancers of the upper aerodigestive tract (UADT) constitute 3.5-4% of all malignancies. Since the majority of cases are squamous cell carcinomas which are related with epidemiologic factors, a different pattern of UADT cancer might be present between the Western and Asian populations. We performed a pathologybased statistical study on UADT cancers in Korean patients. Cases from Korea Cancer Center Hospital, from January 1, 1988 through December 31, 1998, were subjected to the study. Among 2,842 cases, epithelial malignancies accounted for 87.8%, with squamous cell carcinoma as the major type (76.5%). The larynx was the most commonly affected site (26%), followed by the oral cavity (25.1%), oropharynx (13%), nasopharynx (9%), hypopharynx (8.4%), paranasal sinuses (6.4%), nasal cavity (6%) and salivary glands (6.1%). The percentage of squamous cell carcinoma was highest (98.7%) at the hypopharynx, and lowest at the nasal cavity (42.3%), which showed the most diverse tumor entities. Korean patients with UADT cancers presented with a higher incidence of non-epidermoid malignancy including sarcoma (1.5%) and malignant melanoma (1.4%), and a higher frequency of involvement of the sinonasal tract, compared with the Western patients.
INTRODUCTION
Cancers of the upper aerodigestive tract (UADT) mostly consist of carcinomas of the mucosal epithelium or secretory gland origin. The major histologic type worldwide is squamous cell carcinoma (SCC), which comprised 95% of 42,990 UADT cancers in the recent Surveillance, Epidemiology, and End Results (SEER) registries in U.S.A. (1) . SCC of the UADT has a strong epidemiologic background, including racial difference and environmental factors, such as alcohol and tobacco consumption, diet, and viral infection. Therefore, a different pattern of UADT cancer is expected between the Western and Asian population. Since standardized multi-institutional studies on UADT cancers have not been activated, only limited statistical data on this category have been available in Korea (2) . We report a pathology-based statistics on cancers of the UADT, from a single institute in Korea.
MATERIALS AND METHODS
All patients who had been diagnosed with a head and neck tumor at Korea Cancer Center Hospital, from January 1, 1988 through December 31, 1998, were retrieved from the pathology report file of the hospital. Tumors of the head and neck lymph node, skin, eyelids, eye, teeth, ear, and central nervous system were excluded. Metastatic or recurrent tumors in the same patients were not counted separately. Minor salivary gland tumors from the oral or oropharyngeal region were classified as salivary gland tumors. A total of 2,842 cases of malignancies of the larynx, hypopharynx, oropharynx, oral cavity, nasopharynx, nasal cavity, paranasal sinuses (PNS), and salivary glands were subjected to the study. Their hematoxylin-and-eosin-stained pathologic slides were reviewed by one of the authors (KJC). In cases with ambiguous original diagnoses, reclassifications were performed after peer review and ancillary studies. Table 1 shows the frequency percentages and categories of cancers of previously mentioned sites of the UADT. The larynx was the most commonly affected site, comprising 26% of total cases, followed by the oral cavity (25.1%), oropharynx (13%), nasopharynx (9%), hypopharynx (8.4%), PNS (6.4%), nasal cavity (6%), and salivary glands (6.1%). On pathologic categorization, the majority of the tumors were carcinomas (87.8%), and the remaining non-epithelial malignancies included malignant lymphomas (9%), sarcomas (1.5%), malignant melanomas (1.4%) and miscellaneous types (0.3%).
RESULTS
Histologic types of the carcinomas according to each site are shown in Table 2 . SCC and its variants (basaloid, sarcomatoid, and verrucous) occupied 76.5% of total cases and 87.2% of all carcinomas, followed by adenocarcinomas (including salivary types) (6.5%), undifferentiated carcinomas (4.3%), and neuroendocrine carcinomas (0.5%). Table 3 shows the types and distribution of non-epithelial malignancies. Malignant lymphomas, most commonly from the oropharynx, comprised 73.5% of 347 non-epithelial malignancies. The number of cases of sarcoma and that of malignant melanoma were similar. Sarcomas most commonly developed at the oral cavity and PNS. The most frequent types were osteosarcoma and rhabdomyosarcoma. Mucosal melanomas, comprising 1.4% of UADT cancers, occurred mainly at the nasal cavity, PNS, and oral cavity. Characteristics for each primary site are as follows.
Larynx
Cancers of the larynx accounted for 26% of total cases, and mostly were SCC and its variants (98.3%). Variants were basaloid and sarcomatoid SCC. Rare cases of neuroendocrine carcinoma and adenocarcinoma also occurred. Nonepithelial malignancies comprised only 0.5%.
Hypopharynx
Almost all (98.8%) cases were SCC. Only 3 cases of nonepithelial neoplasm affected this site.
Oropharynx
Two thirds of the cases were carcinomas, which were classified as squamous cell (60.1%) and undifferentiated types (6.5%). The remaining one third were mostly malignant lymphomas (32.5%), except for a few cases of other types. The palatine tonsils were the most prevalent subsite for malignant lymphoma, of which 80% were of a B cell type.
Oral cavity
Being the second most common site for the UADT cancers, the oral cavity also had SCC as its major type (89.6%). However, sarcomas (2.2%), melanomas (2.1%), and lymphomas (6.0%) were more frequent at the oral cavity than in the previously mentioned sites.
Nasopharynx
Undifferentiated carcinomas accounted for 30.7%, although SCC were more common (56.2%). Malignant lymphoma, being the third commonest type of cancer (12.5%) at this site, equally consisted of B cell and T cell types.
Nasal cavity
The nasal cavity was the least common site for head and neck malignancy (6%), and revealed the lowest relative incidence of SCC (42.2%). Adenocarcinoma including salivary types was the second most common type of carcinoma, comprising 13.5% of nasal cavity cancers. Malignant lymphoma was also a major cancer (23%) at this location, and 75% of them were of an angiocentric T/NK cell type. Sarcomas and melanomas accounted for 10% of the cases. Four cases of olfactory neuroblastoma, which is a unique cancer of the olfactory mucosa, were identified. The nasal cavity proved to be the origin of diverse types of malignancy.
Paranasal sinuses
SCC was also the most common type (62%) at this location, but the incidences of adenocarcinomas (17.1%), sarcomas (7.7%), and melanomas (5.5%) were relatively high.
Salivary gland
Eighty-six percent of major and minor salivary gland cancers were non-epidermoid, dominated by adenoid cystic carcinomas (29.1%), mucoepidermoid carcinomas (19.2%), and malignant mixed tumors (8.3%).
DISCUSSION
Cancers of the UADT are relatively common forms of malignancy in the socioeconomic situation with high risk factors, such as tobacco and alcohol abuse, poor oral hygiene, and nutritional deficiency. The incidences of head and neck malignancies tend to be underestimated, because UADT is anatomically composed of a number of small sites and subsites. According to the recent Annual Report of the Central Cancer Registry in Korea (2), cancer of the larynx was the 11th common form of malignancy in males. When numbers of cancers arising from the oral cavity, pharynx, salivary gland, sinonasal tract, and larynx were taken together, they accounted for 3.6% of total (82,320) malignancies and 4.9% of 46,908 male patients, representing the 5th place next to the stomach, liver, lung, and colon cancers. It is interesting that this proportion is very similar to that in the previous SEER statistics by National Cancer Institute, U.S.A., in which cancers of the UADT represented 3.5% of all malignancies (3). Since the UADT cancer incidence among black males in the U.S.A. was twice of that recorded among white males, it can be assumed that the Korean male population shows racial predisposition for UADT cancer at the intermediate level between black and white males.
The pathologic aspects of UADT cancers tend to be overlooked, because most of them are squamous cell carcinomas, which are not much attractive to both pathologists and clinicians. However, the head and neck is the location with the most diverse pathologic manifestations, as it is anatomically composed not only of squamous or columnar epithelium, of either ectodermal or endodermal origin, but also of various types of mesenchymal and neural tissues. In this study, squamous cell carcinomas and its variants accounted for 76.5% of all UADT cancers, and this proportion was smaller than those reported in the U.S.A./Canadian statistics (1, 3) . If we exclude malignant lymphoma to render the data to be comparable with them, SCC represented 84.1% of total, still lower than 88.6%, 94.1%, or 94.6% of U.S.A./Canadian statistics. Anatomic distribution of SCC was similar to that of the Western population, with the larynx and oral cavity involved in approximately two thirds of cases. However, the relative frequencies of involvement of the nasopharynx (6.6%), nasal cavity (3.3%), and PNS (5.1%) were higher among Korean patients than those from the U.S.A./Canadian statistics (nasopharynx, 4.4-5.1%; nasal cavity, 1.3-2.0%; sinuses, 1.8%) (1). Incidences of nasopharyngeal undifferentiated carcinoma and sinonasal adenocarcinoma also appeared to be higher among Koreans. Besides the conventional SCC, some distinct variants of SCC occurred in the head and neck. Among them, basaloid squamous carcinoma (4) most often involved the supraglottic larynx and hypopharynx, while sarcomatoid carcinoma (5) was prevalent at the sinonasal tract.
True sarcomas are rare in the head and neck. In this study, they accounted for 1.5% of UADT cancers, and this proportion was higher than those reported in the Western countries (0.5-1.24%) (1, 3, 6) . Prevalent sites for sarcoma were the PNS (including maxilla) and oral cavity (including mandible), and the most common histologic types were osteosarcoma and rhabdomyosarcoma. The latter tumor frequently involved children and adolescents, but also adults. Differential diagnosis between rhabdomyosarcoma and non-rhabdomyosarcomatous sarcoma is important in terms of therapeutic and prognostic implications, and is not difficult if immunohistochemistry is applied (7) . The etiology of sarcomas of the head and neck is not well known. Risk factors for carcinomas do not appear to be involved in sarcoma development (8) . A well recognized etiologic factor for head and neck sarcoma is the ionizing radiation, as documented in patients with carcinoma or retinoblastoma after radiotherapy (9, 10). Our series included one case of osteosarcoma, which developed 9 yr after radiation treatment for tongue cancer.
Mucosal melanomas of the UADT account for about 1% of all malignant melanomas (11, 12) . They represented 1.4% of UADT cancers in our series, while the recent U.S.A./Canadian statistics showed only 0.4% of melanoma cases (1) . Mucosa of the sinonasal tract was the most frequently affected site, as previously described (11, 13) . Oral cavity malignant melanomas in our series appeared to be more common than in previous reports (13, 14) . Diagnosis of the head and neck mucosal melanoma requires a high index of suspicion, because not only of its rarity, but also of its histologic diversity. They are commonly amelanotic, and can show small round cell, epithelioid, spindle cell, pleomorphic, or myxoid pattern, mimicking many other types of malignancy (11, 14) . Once suspected, immunohistochemical study can almost confirm the diagnosis.
The prognosis of malignant melanoma is known to be the worst among UADT cancers, showing 17-45% of 5-yr survival rates (11) (12) (13) (14) , as compared with 50-59% of carcinoma (1, 3) and 60-66% of sarcoma (7, 15, 16) . It is regrettable that our data could not supply an adequate survival analysis.
Although SCC was the most common type of cancer at any location of the UADT (except salivary glands), its proportion was different among the sites. The nasal cavity, which is composed of ectoderm-derived columnar epithelial mucosa with numerous secretory glands, neuron-derived olfactory epithelium, and soft and bony mesenchymal tissue with abundant vasculature, revealed the most diverse types of malignant tumors. SCC accounted for only 42.3% of nasal cavity cancers. Both pathologists and clinicians always should have a high index of suspicion on the variety of cancers that affect such sites, since many of them are distinct in terms of treatment modality and prognosis.
It was an unexpected finding that a relatively higher incidence of non-epidermoid malignancy was noted among head and neck cancer patients in Korea, than in the Western countries. A standardized multi-center study would be required to prove significance in the difference. Furthermore, pathogenetic studies on non-epidermoid malignancy of the UADT should be encouraged.
